[1] The anisotropy of magnetic susceptibility (AMS) is an integral measure of the preferred orientation of all minerals present in a rock. When the AMS is carried by paramagnetic minerals alone, the principal directions of the susceptibility ellipsoid should reflect the crystallographic orientation of the minerals. The relationship between the AMS and deformation depends on several factors, which control the development of latticepreferred orientation (LPO) in a rock. A mathematical model is presented that simulates the magnetic susceptibility ellipsoid for samples composed of more than one mineral phase. Measurements of the AMS are compared with fabric-based anisotropy models for black slates from the Navia-Alto Sil slate belt in northern Spain. The AMS is carried by paramagnetic minerals, as has been confirmed by high-field torque magnetometry, lowtemperature AMS and magnetization curves. The LPO of mica and chlorite has been determined by X-ray texture goniometry. Pole figures and orientation ellipsoids show the changes in the degree of alignment of the phyllosilicates. The models have been tested in samples displaying three types of pole figures: a high-intensity point maximum, a medium-intensity elliptical maximum, and a girdle-shaped distribution. At one site displaying kink bands the LPO shows variations between these types at the outcrop scale. The case studies illustrate the success in modeling different LPO types. 
Introduction
[2] Anisotropy of magnetic susceptibility (AMS) has been widely used as an indicator of rock deformation since it was first suggested by Graham [1954] . A good correlation has been found between AMS principal directions and structural features in several rock types including granites [e.g., Ferré et al., 1999; Bouchez, 2000] , shales/ slates [Kligfield et al., 1981; Hirt et al., 2000] , lava flows [Cañón-Tapia et al., 1994; Cagnoli and Tarling, 1997] , or dikes [Raposo, 1997; Tauxe et al., 1998 ]. There have been several attempts to correlate AMS with finite strain in rocks (1) that have undergone homogeneous strain, (2) in which the strain and AMS ellipsoid are coaxial and (3) where there is no evidence for recrystallization [Kligfield et al., 1982; Hirt et al., 1988; Borradaile, 1991; Lüneburg et al., 1999] . However, a quantitative correlation between AMS and finite strain is not direct and is complicated in rocks with different mineral subfabrics. In order to make such a correlation it is necessary to understand which minerals contribute to the AMS. This is particularly important in low-field AMS measurements, which reflect the bulk fabric of all mineral constituents. It has been demonstrated in some rocks that the AMS is the result of the superposition of a paramagnetic and a ferromagnetic (senso lato) subfabrics [e.g., Borradaile and Dehls, 1993; Hirt et al., 1993] , which can be effectively separated by high-field methods [Martín-Hernández and Hirt, 2001; Ferré et al., 2004] .
[3] Texture goniometry is one method for obtaining information on the lattice-preferred orientation (LPO) of a specific mineral. This allows the AMS to be compared directly with mineral fabrics [Wood et al., 1976; Oertel, 1983; Siddans et al., 1984; Lüneburg et al., 1999] .
[4] Numerical modeling of the AMS can help our understanding of the factors that contribute to the measured magnetic fabric and the mechanism of acquisition of AMS from weakly to highly strained samples. This information is important for the quantitative comparison of mineral fabric and magnetic fabric, particularly in absence of strain markers. Mathematical simulations can be used to estimate the contribution of individual minerals to the AMS, also in the case where LPOs in polymineralic rocks are noncoaxial . de Wall et al. [2000] modeled the paramagnetic subfabric by subtracting the ferromagnetic subfabric from the low-field AMS, as an alternative method of separating subfabrics by low temperatures, by using the anisotropy of remanence [Jackson, 1991] , or by high-field methods [Hrouda and Jelinek, 1990] .
[5] Owens [1974] established a mathematical basis for modeling magnetic fabrics by making use of the LPO of individual grains in the rock. His approach to the problem has been used subsequently to simulate the AMS in different materials, e.g., in rocks whose main constituent is calcite [Owens and Rutter, 1978; de Wall et al., 2000] or phyllosilicates [Housen et al., 1993] .
[6] On the basis of Owens' [1974] original idea, Siegesmund et al. [1995] used the spherical harmonics of the c axis pole figure of biotite to model the degree of anisotropy and shape of the AMS ellipsoid in orthogneisses, metagranites and granulites. The same approach was used to infer the emplacement mechanism of plutons [Siegesmund and Becker, 2000; López de Luchi et al., 2004] . In another approach, Hrouda and Schulmann [1990] proposed an inverse method to generate a theoretical orientation tensor of the minerals from the intrinsic AMS of constituent minerals. The method was later extended to correlate AMS with deformation in phyllosilicate-bearing rocks [Hrouda, 1993; Chadima et al., 2004] .
[7] This study is a further development in the mathematical simulation of magnetic anisotropy using Owens' [1974] original approach, in which we have extended the simulation to include more than one mineral. The method has been applied to Ordovician black slates from the Navia-Alto Sil slate belt in northern Spain that are mainly composed of mica and chlorite. The samples analyzed displayed three types of LPO patterns. This allows us to test the method for rocks that have undergone different deformation histories.
Numerical Modeling of AMS
[8] The magnetic susceptibility is described mathematically by a symmetric second-rank tensor, and can be represented geometrically by an ellipsoid whose principal axes are k 1 ! k 2 ! k 3 . The numerical model used in this study to compute the AMS is based on the relations proposed by Owens [1974] that are now extended to a two-component system, in this case to mica and chlorite.
The AMS of a polycrystalline rock is assumed to be due to the preferred orientations of the individual minerals together with their intrinsic anisotropy. We also assume that there is no interaction between the rock forming minerals, which is justified in the case of paramagnetic phases. Phyllosilicates are minerals with an isotropic basal plane; i.e., they are assumed to possess uniaxial susceptibility. Therefore it is sufficient to record the preferred orientation of the basal plane of the crystals, given by the basal plane pole figure. Under these restrictions, the anisotropy of paramagnetic susceptibility of a polycrystalline aggregate is given by:
Here k is the susceptibility tensor, q and j are the spherical coordinates of a unit direction, N is the total number of mineral subfabrics, k n is the susceptibility tensor for the specific mineral, P n is the pole figure of crystal basal plane for mineral n, A is the area on the sphere subtended by a given direction on the measurement grid, and V n is the volume fraction of mineral n with
V n 1; k iso is the susceptibility tensor of other isotropic minerals, contributing to the susceptibility; thus it is the identity matrix multiplied by the susceptibility of the isotropic minerals.
[9] On the basis of the theoretical model given by equation (1), the following parameters are needed to simulate values of AMS: (1) compositional percentage of the different minerals in the sample (V n ); (2) the intrinsic AMS of the individual minerals (k n ); and (3) the c axes pole figure P n in the case of uniaxial mineral phases.
[10] The main phyllosilicates have been identified by the diffraction peaks of the X-ray diffraction scan. Several SEM micrographs were used per sample to estimate the abundance of the identified minerals. The single-crystal properties of phyllosilicates have been evaluated by several Normalized magnitudes of the principal susceptibilities (k i ) are given with the bulk susceptibility (k bulk ). Also given are the corrected degree of anisotropy (P j ) and shape parameter (T) with their respective standard deviations. Number of analyzed crystals is given by n. References are (1) Borradaile et al. [1987] , (2) Zapletal [1990] , (3) Borradaile and Werner [1994] , (4) Martín-Hernández and Hirt [2003] , and (5) Hrouda [1986] .
authors [Borradaile et al., 1987] and commonly used values are shown in Table 1 . Note that the standard deviation of the magnitudes of the principal susceptibilities and anisotropy parameters reflects the nonunique single-crystal properties (Table 2) . Martín-Hernández and Hirt [2003] used highfield methods to isolate the paramagnetic susceptibility of their single crystals, which results in a smaller standard deviation. For this reason, these values have been used in this work. The c axis pole figures for both minerals were obtained using X-ray texture goniometry.
Examples
[11] The model has been applied to Ordovician slates from the Navia-Alto Sil slates belt in the Asturian Arc, northern Spain [Julivert and Martinez, 1987] . The samples are black roofing slates that display a well-developed cleavage and at some localities a stretching lineation [Julivert and Soldevila, 1998 ]. The AMS and magnetic properties of the samples have been extensively described by Hirt et al. [2000] , where the AMS is due solely to paramagnetic minerals. Samples used in this study have retained the same site or sample name to remain consistent with this earlier work. Hirt et al. [2000] also presented measurements of finite strain based on pressure shadows around pyrites and distribution of rutiles and found a good correlation between the principal directions of the finite strain and AMS ellipsoid. The authors were not able to delineate whether the magnetic lineation found in several sites was a true stretching lineation or an apparent lineation. Modeling should aid in clarifying its origin.
3.1. Carriers of the Anisotropy of Magnetic Susceptibility and Quantification 3.1.1. Rock Magnetic Measurements
[12] Several experiments have been done in order to determine the carriers of the AMS. These include (1) magnetization versus field experiments; (2) comparison of bulk susceptibility with the AMS at room temperature and liquid nitrogen temperature; and (3) high-field torque magnetometry measurements.
[13] Magnetization curves provide information about ferromagnetic phases that may contribute significantly to the magnetic susceptibility. Three mutually perpendicular measurements were done per specimen. Samples were cut in cubic specimens of 1 Â 1 Â 1 cm and measured up to a maximum field of 1 T on a Micromag VSM with variable spacing between the electromagnet poles at the Institute of Rock Magnetism, University of Minnesota ( Figure 1a) .
[14] The bulk susceptibility and AMS were measured at room temperature and liquid nitrogen temperature on an AGICO KLY 2 susceptibility bridge (applied field of 300 A/m, 920 Hz) [Tarling and Hrouda, 1993] . If the magnetic susceptibility is carried solely by paramagnetic minerals, then the ratio of the two susceptibilities, k 77 /k 293 should be equal to 293/77 % 3.8, according to the CurieWeiss law under the assumption that the paramagnetic Curie temperature is approximately 0 K. A total of 113 samples taken along the slate belt were measured in this study. Linear regression gave a slope of 3.8, as expected for paramagnetic susceptibility (Figure 1b) .
[15] The low-field anisotropy of magnetic susceptibility has been measured at both room temperature for all the samples and at low temperature (77 K) for selected samples. The low-field, low-temperature AMS should enhance the magnetic fabric of the paramagnetic minerals [Ihmlé et al., 1989; Hirt and Gehring, 1991] . The experiment has been carried out following the protocol described by Lüneburg et al. [1999] . The shape and the corrected degree of anisotropy have been characterized by the T and P j parameters, respectively, for the low-field measurements [Jelinek, 1981] .
[16] Measurements with a high-field torque magnetometer allow for the separation of the paramagnetic and ferrimagnetic subfabrics of the AMS [Hrouda and Jelinek, 1990] Selected samples have been measured on a high-field torque magnetometer with a maximum field of 1.8 T [ Bergmüller et al., 1994] . Samples were measured in four applied fields high enough to saturate the ferrimagnetic phases thus allowing separation of the ferrimagnetic and paramagnetic components to the AMS [Martín-Hernández and Hirt, 2001] . The amplitude of the torque signal is linearly proportional to the square of the applied field in all the samples, which verifies that there is no significant ferrimagnetic fraction [Hirt et al., 2000] . Since the torque magnetometer measures only the deviatoric susceptibility tensor, the standard anisotropy parameters, T and P j , cannot be computed. An alternative parameter for the shape of the AMS is the U parameter, which is similar to T; for a perfectly oblate ellipsoid U = 1, for neutral ellipsoid U = 0 and for perfectly prolate ellipsoid U = À1 [Jelinek, 1981] .
The degree of anisotropy is evaluated by the differences between magnitudes of the maximum and minimum principal susceptibilities. The obtained paramagnetic ellipsoid shows the same distribution of shape and anisotropy degree as the low-field ellipsoids (Figure 2a) . A good correlation has been established between the low field and the paramagnetic ellipsoid with respect to the degree of anisotropy ( Figure 2b ) and the shape of the ellipsoid (Figure 2c ).
X-Ray Texture Goniometer
[17] The mineral preferred orientations were quantified using an X-ray texture goniometer, SCINTAG-USA/DMS 2000 equipped with a Cu-X-ray source, emitting a wavelength of 1.54 Å . In order to identify the minerals present in the samples, X-ray diffractograms were made over a wide range of 2q angles on polished bulk samples selected from the slate belt (Figure 3) . The same block sample used for further determination of mineral fabric was used in the diffraction scan with the sample surface in normal position. The diffraction peaks at 8.71°and 12.41°were identified as the mica (001) and chlorite (002) reflections, respectively [Brindley and Brown, 1980] . These diffraction peaks are present in the diffractograms for all samples that were taken along the slate belt, thus indicating similar phyllosilicate . X-ray diffraction scan on selected samples from the Navia-Alto Sil slate belt. The most prominent peaks are identified according to Brindley and Brown [1980] . The site name is given on the right side. Inset shows the two diffraction peaks used for the fabric measurements. content. A quartz (101) diffraction peak overlaps with the mica (003) reflection. Because of the pronounced mineral textures, the pole intensities could not be used to quantify the proportions of the identified phases in the samples.
[18] The LPO was determined by integrating measurements in reflection mode on the polished surface of the block samples and in transmission mode, using a thick section of 50 mm thickness, sliced parallel from the block sample [Casey, 1981] . All the directions over one hemisphere were covered with a regular grid of 5°Â 5°angular interval. The mineral fabric orientation tensor is then calculated from the intensity distribution [Woodcock, 1977; Cheeney, 1983] . By computing the eigenvalues and eigenvectors of the fabric orientation tensor it is possible to derive the individual mineral fabric ellipsoid with semiaxes defined as t 3 ! t 2 ! t 1 . Note that the maximum texture semiaxis is identified with the subindex 3 because the pole to the basal plane is parallel to the minimum semiaxis of the AMS ellipsoid in phyllosilicate crystals [Zapletal, 1990; Borradaile and Werner, 1994] .
SEM Analysis
[19] Backscatter electron (BSE) images were collected on selected samples in order to estimate the modal composition of the samples and the relative orientation of the mineral grains. The instrument that was used for the analysis was a CAMSCAN CS44LB with a four-quadrant semiconductor BSE. The SEM was operating at 15 kV with a working distance ranging from 20 to 24 mm. Three images were taken per sample with the same magnification factor in order to provide estimations for the percentages of mica, chlorite and quartz in the samples along the slate belt.
[20] A summary of the obtained results is presented in Table 2 . Very small amounts of isolated opaque minerals were identified as pyrite, zircon, rutile and some magnetite grains.
Models
[21] The mathematical model described in equation (1) has been applied to a selection of slates all displaying a well-developed slaty cleavage. According to the pole figures, the samples can be classified by three types: (1) girdle structure, (2) elliptical maxima, and (3) point maxima.
[22] In the girdle structure samples, the dispersion of phyllosilicates c axes is more pronounced in the chlorite pole figure, where the first contour extends to a full girdle along the cleavage plane (Figure 4a ). The maximum in the mica pole figure is also dispersed along the cleavage plane although the contours display only an elliptical shape, not a girdle (Figure 4b ). There is a good correlation between the principal directions of the texture ellipsoid of mica and chlorite and the principal directions of AMS (Figures 4a and  4b and Tables 3 and 4) .
[23] Samples with elliptical LPOs have a well-developed cleavage, but there is no macroscopic evidence for a lineation within the cleavage plane from field observations. The pole figure is slightly elliptical in shape for both mica and chlorite and the relative maximum intensity is higher than in samples displaying a girdle LPO (Figures 4c and  4d ). Principal directions of the texture ellipsoid of the two phyllosilicates are subparallel to the AMS principal directions (Figures 4c and 4d and Tables 3 and 4) .
[24] The third type of samples displays an LPO pole figure with an almost circular shape and significantly higher intensity than the other two fabrics (Figures 4e and 4f ). The t 3 axis of the texture ellipsoid of mica and chlorite agrees well with the k 3 axis of the susceptibility magnitude ellipsoid. The k 1 and k 2 axis differ from the respective axis of the texture ellipsoid, but they are all distributed in a girdle along the cleavage plane (Figures 4e and 4f and  Tables 3 and 4) . Because the first and second eigenvalues are very similar, the actual position of the corresponding principal directions along this girdle are ill defined.
[25] A total of 13 samples was analyzed from site S37 along a profile that displays kink bands with gradual increment in the wavelength from <0.5 cm to 10 cm across the outcrop. Here three typical cases are displayed, showing a variation in the LPO from a two maxima LPO in samples S3701 (Figures 5a -5c ) to sample S3707, where one of the limbs is gradually losing intensity (Figures 5d-5f ), to a LPO with one single maximum represented by sample S3709 (Figures 5g -5i ). The t 3 of the texture ellipsoid moves from the midpoint between the two maxima in the 
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pole figure to a point subparallel to the maximum in the pole figure. In samples where the intensity of the two maxima is not similar the k 3 direction can be different to the t 3 direction (Figures 5e -5f and Tables 3 and 4) .
Girdle LPO
[26] Four of the analyzed samples had a girdled LPO pole figure, three of which came from the same site S04 (Figures 4a and 4b ). The modeled AMS is shown in Figure 6 and is based on equation (1), and the composition is given in Table 2 . The simulated shape of the AMS ellipsoid is more oblate than the measured values assuming the measured composition of the samples. A sample would need a composition of 100% chlorite to reach the neutral ellipsoid measured by low-field anisotropy (Figure 6a ). The degree of anisotropy is underestimated over the entire range of compositions (Figure 6a ). The correlation between the measured and simulated principal directions is very good for all the samples from the site. The modeled AMS simulates the magnetic lineation, which corresponds to the stretching lineation seen from pressure shadows around pyrite crystals in the shales (Figure 6b ).
Elliptical LPO
[27] Samples included in this group display a slaty cleavage in the field with no signs of stretching lineation. However, the AMS principal directions from several samples at the site level show well-grouped k 1 axes, therefore a magnetic lineation. The LPO is not rotationally symmetric.
The magnetic lineation appears subparallel to the minimum in the distribution of c axis (Figures 4c and 4d) . One example of the modeled AMS ellipsoid for this LPO type is presented in Figures 6c and 6d . The shape of the susceptibility ellipsoid can be accurately modeled but the degree of anisotropy is again underestimated for the entire range of compositions Figure 6c . The principal directions of the simulated and measured AMS ellipsoid are subparallel, showing a very good agreement (Figure 6d ).
Point Maxima LPO
[28] Four samples have a symmetric pole figure with a higher intensity for both phyllosilicates compared to the other samples. The symmetry of the pole figure reflects the absence of any preferred direction within the cleavage plane, therefore the shape of the AMS ellipsoid is almost perfectly oblate (Figure 6e ). Despite the very good correlation between measured and simulated shape of the AMS ellipsoid, the degree of anisotropy of the computed AMS is underestimated. The absence of any preferred direction of within the cleavage plane is also seen in the principal directions of the susceptibility anisotropy. The minimum direction of the measured and simulated susceptibility tensor are subparallel, and the maximum and intermediate are distributed in a girdle along the cleavage plane (Figure 6f ).
Kink Bands LPO
[29] Samples displaying kink bands display three types of pole figures, depending on the wavelength and amplitude of the kinks. For samples that show small-scale kinks (<0.5 cm, crenulations) the LPO has two maxima and the magnetic susceptibility shows a well defined lineation, which is an 
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MARTÍN-HERNÁ NDEZ ET AL.: MODELS OF AMS apparent lineation subparallel to the kink axes. The measured ellipsoid lies close to the neutral shape (Figure 7a) . The model simulates the nonoblate shape of the ellipsoid, but has a more oblate form. The degree of anisotropy and the orientations of the AMS principal directions are well simulated (Figure 7b ). In samples with a longer wavelength of the kinks ($1 cm) the pole figure has two maxima, whereby one maximum is more dominant. For this case the model shows a less agreement between simulation and measurements ( Figure 7a) ; the degree of anisotropy and oblateness are both underestimated. k 1 shows a good correlation between the measurements and the model, and k 2 and k 3 lie in a girdle defined by the LPO. (Figure 7b ). For the example in which the kinks have a large wavelength ($10 cm) and small amplitude, the LPO shows a single maximum, similar to the samples with the LPO point maxima. The AMS ellipsoid is oblate, but the degree of anisotropy for all types of LPO is slightly underestimated.
The k 1 and k 2 directions are distributed in a girdle perpendicular to the maximum intensity direction of the LPO, which is k 3 (Figure 7a ). The principal directions of the AMS ellipsoid show a very good agreement between measurements and simulation (Figure 7b ).
Discussion
[30] The model to simulate AMS presented in this study improves upon previous models in that it can account for more than one mineral fabric, which are not necessarily aligned parallel to one another. There is a good agreement between the measured and the computed AMS principal directions for the three types of LPO textures (Figures 8a  and 8b ). The correlation is also good for the shape of the ellipsoid for the more oblate fabrics. The models, however, are not good in estimating shape for the samples displaying a girdle structure LPO pole figure (Figure 8c ). The degree of anisotropy is underestimated for all the analyzed samples with the greatest deviation in samples with the most intense fabrics (Figure 8d ).
[31] Three explanations can be put forward to explain the mismatch between modeled and measured AMS values: (1) fabric heterogeneity is not accounted for due to the different scales for measuring the AMS and the LPO; (2) the composition of the samples is not correctly estimated; and (3) values of the single-crystal anisotropy are false or the assumption of the minerals carrying the anisotropy in the samples is false.
[32] The first explanation deals with the scale over which the AMS and texture goniometry measurements are made, which is an important factor when the deformation is heterogeneous. The LPO measured by texture goniometry involves a volume of 40 mm 3 while the AMS is a bulk property that is averaged over a volume of 11.4 cm 3 . Small variations in the orientation of phyllosilicates will be detected by texture goniometry but will be averaged out in the AMS measurements. If this were the case, however, the discrepancy in sampling volume should result in a modeled AMS that has a higher degree of anisotropy in comparison with the actual measurement. We observe the opposite effect.
[33] An alternative option for determining mineral texture would be using neutron texture goniometry because the same sample can be used for both measurements [Chadima et al., 2004; Cifelli et al., 2004] . Neutrons have a penetration depth, which is approximately 1000 larger than X rays; therefore neutron diffraction would evaluate the orientation of the c axes of the phyllosilicates grains for the entire sample volume [Brokmeier, 1994] .
[34] The second and third explanations are interrelated since changing either composition or single-crystal anisotropy could produce the same results. The identification of the minerals responsible for the measured LPO is non unique. Different diffraction peaks from different minerals can overlap so that it is not always possible to separate individual peaks and to estimate the contributions of the LPO for single phases to the total measured pole figure. This is specifically a problem in the mica group, where the lattice distance for the basal plane of biotite is 10.1 Å while the value for different compositions of muscovite can range from 9.97 Å to 10.0 Å [Brindley and Brown, 1980] . Thus the measured signal at the corresponding diffraction angle of 8.71°is a superposition of the intensity due to biotite and muscovite, which we have simply called ''mica''. On the basis of the geological information from the area [Marcos, 1973; Marcos et al., 1980] , the mica has been assumed to be biotite as input for the models. If the single-crystal properties of muscovite would have been applied instead of biotite, then the modeled AMS would have become even less anisotropic, thus in less agreement with the measured data.
[35] The simplest explanation for our underestimation of the degree of anisotropy would be that our assumption of the single-crystal anisotropies are too small. We can use an alternative approach in which we try to estimate the singlecrystal anisotropy, based on the orientation tensors. If we allow only the single-crystal property of biotite to vary, we would need an intrinsic degree of anisotropy (P j ) of approximately 1.40, assuming perfectly oblate AMS for biotite The bulk susceptibility of the optimized biotite magnetic anisotropy ellipsoid is k bulk % 9.16 Â 10 À4 (SI). This intrinsic degree of anisotropy is still within the range of values reported in the literature [Borradaile et al., 1987; Zapletal, 1990; Borradaile and Werner, 1994] . However, the bulk susceptibility is lower than theoretical values for biotite [Syono, 1960; Beausoleil et al., 1983] .
[36] The presence of diamagnetic phases in the samples could also cause of very high values of the degree of anisotropy, especially when they dominate the composition of the samples [Hrouda, 1986] . Although quartz has been observed in the SEM micrographs and high diffraction peaks in the X-ray diffractograms, the composition of the sample would have to be largely quartz to produce such an effect. Therefore a large diamagnetic contribution can be ruled out.
[37] The presence of undetected ferrimagnetic phases could also explain high degrees of anisotropy. However, in this study all rock magnetic experiments, i.e., high-field magnetization, low-temperature susceptibility measurements and high-field torque measurements preclude any significant anisotropic ferromagnetic component. The highfield torque measurements are extremely effective in separating out any contributions due to ferromagnetic minerals. We further feel that this explanation is unlikely because attempts to measure the anisotropy of remanence using either ARM or IRM did not show a significant anisotropy. It also unlikely that a large ferrimagnetic fraction in superparamagnetic state is present, since this should be seen in the magnetization curves.
[38] Other studies have reported on slates with extremely high degrees of anisotropy [Parés and van der Pluijm, 2002] , that would be difficult to model with a only a paramagnetic carrier of the anisotropy. Further work is needed to explain the discrepancies in the models.
Conclusions
[39] A method has been presented that allows AMS to be modeled by taking into account mineral fabric from X-ray texture goniometry, single-crystal anisotropies for mica and chlorite and compositional information. The method improves on previous models in that more than one mineral fabric can be used. It is successful in modeling the distri- bution of principal axes of the AMS ellipsoid. It is good in predicting anisotropy shape in several cases, although girdled LPOs still present discrepancies. It was not successful in approximating the degree of anisotropy by using the most reliable single-crystal values reported in the literature, particularly for high degrees of anisotropy, This may be due to a false estimation of the intrinsic anisotropies of phyllosilicates minerals or in a false assumption about the minerals that contribute to the measured AMS. Further work needs to be done on simpler systems in which the minerals that are responsible for the AMS are well constrained. 
